The ribosomal protein S16 (RPS16), the product of the rps16, is generally encoded in the chloroplast genomes of flowering plants. However, it has been reported that chloroplast-encoded RPS16 in mono-and dicotyledonous plants has been substituted by the product of nuclear-encoded rps16, which was transferred from the mitochondria to the nucleus before the early divergence of angiosperms. Current databases show that the chloroplast-encoded rps16 has become a pseudogene in four species of the Brassicaceae (Aethionema grandiflorum, Arabis hirsuta, Draba nemorosa, and Lobularia maritima). Further analysis of Arabidopsis thaliana and its close relatives has shown that pseudogenization has also occurred via the loss of its splicing capacity (Arabidopsis thaliana and Olimarabidopsis pumila). In contrast, the spliced product of chloroplast-encoded rps16 is observed in close relatives of Arabidopsis thaliana (Arabidopsis arenosa, Arabidopsis lyrata, and Crucihimalaya lasiocarpa). In this study, we identified the different functional status of rps16 in several chloroplast genomes in the genus Arabidopsis and its close relatives. Our results strongly suggest that nuclear-and chloroplastencoded rps16 genes coexisted for at least 126 million years. We raise the possibility of the widespread pseudogenization of rps16 in the angiosperm chloroplast genomes via the loss of its splicing capacity, even when the rps16 encoded in the chloroplast genome is transcriptionally active.
INTRODUCTION
It is generally accepted that the mitochondria and chloroplasts are descendants of α-proteobacteria and cyanobacteria, respectively. Most of the genes in the ancestral endosymbionts either have been translocated to the nuclear genome of the host cell or have been lost during evolution after the initial endosymbiotic event. Alternatively, nuclear genes with different organellar origins have substituted for organelle-encoded genes, resulting in the present structures of the chloroplast and mitochondrial genomes. Since then, the components of each organelle have changed relative to those of their progenitors. The details of this process are complex and still unclear (Gray, 1992; Rand et al., 2004; Timmis et al., 2004) .
At present, more than 70 chloroplast genomes of angiosperms have been completely sequenced, and this number is increasing. Although the number of genes and their order are generally conserved among angiosperm chloroplast genomes, exceptional gene losses have been identified (e.g., rpl33 in Phaseolus vulgaris (Guo et al., 2007) and Vigna radiata (Tangphatsornruang et al., 2010) , infA in almost all rosid species (Millen et al., 2001) , rpl32 in the Populus genus (Okumura et al., 2006; Steane, 2005) , rps16 in Medicago truncatula (Saski et al., 2005) , P. vulgaris (Guo et al., 2007) , Cicer arietinum (Jansen et al., 2008) , V. radiata (Tangphatsornruang et al., 2010) , and the Populus genus (Okumura et al., 2006; Steane, 2005) ). It is also possible that genes that have been transferred or substituted recently in evolution remain in the chloroplast genome as remnants when gene transfer or substitution has occurred. These residual genes should provide insight into the mechanistic process by which they were transferred or substituted (for example, infA (Millen et al., 2001) , rpl32 (Cusack and Wolfe, 2007; Ueda et al., 2007) , and rps16 (Ueda et al., 2008) ). RPS16 is essential for cell viability (Persson et al., 1995) and plays an important role in the assembly of the 30S subunit (Held and Nomura, 1975) in Escherichia coli. It was demonstrated that chloroplast-encoded (cp) rps16 has been replaced with the nuclear-encoded rps16 which had originated from the mitochondria in M. truncatula and Populus alba, and that the present status of the rps16 gene substitution in the chloroplast genome corresponds to the intermediate stage in most angiosperms (Ueda et al., 2008) . This is interesting evidence of the process of gene substitution in eukaryotes.
A database analysis revealed that the cp rps16 genes in four Brassicaceae species have already become pseudogenes in that the gene contains a deletion within its coding sequence in Arabis hirsuta, a non-sense mutation in Aethionema grandiflorum, and the complete loss of the second exon in Draba nemorosa and Lobularia maritima. This suggests that this type of pseudogenization may also have occurred in the other Brassicaceae chloroplast genomes. In the Brassicaceae, the phylogenetic positions of Arabidopsis and its close relatives and the estimated times of their divergence have been analyzed in detail (Clauss and Koch, 2006) . If the rps16 in the chloroplast genome of each species were poised at a different functional stage, each pseudogenization event must have occurred after the divergence of Arabidopsis and its close relatives, suggesting that the timing of cp rps16 pseudogenization has occurred at different times during evolution.
The chloroplast genome encodes rps16 in Arabidopsis thaliana (Sato et al., 1999) . However, an expression analysis revealed that the cp rps16 is a pseudogene in this species because the splicing of the group II intron is defective. Further analysis has shown that this pseudogenization of cp rps16 has occurred in another closely related species, because a similar splicing defect has been detected in Olimarabidopsis pumila. In contrast, active rps16 genes, confirmed by their nucleotide sequences and intron splicing capacities, have been detected in the chloroplast genomes of other closely related species, including Arabidopsis arenosa, Arabidopsis lyrata, and Crucihimalaya lasiocarpa. These observations indicate that the functional status of rps16 in these chloroplast genomes is poised at different stages, and that the cp rps16 gene substitution has been completed in Arabidopsis thaliana and O. pumila.
In this study, we demonstrate dynamic differences in the status of the cp rps16 genes in Arabidopsis and its close relatives, and provide an example of the evolutionary time required for a gene to complete the gene substitution process. Our data indicate that the chloroplast and nuclear-encoded rps16 genes coexisted for more than 126 million years (myr) in Arabidopsis thaliana and O. pumila, and raise the possibility that the pseudogenization of cp rps16 occurred via a splicing defect, despite the detectable coding sequence of rps16 in the plant chloroplast genome. The correlation of gene loss with self-compatibility is also discussed in this study because in the genus Arabidopsis and its close relatives, out-crossing plants (Arabidopsis arenosa and Arabidopsis lyrata) tend to have retained, and inbreeding plants (Arabis hirsuta, Arabidopsis thaliana, C. lasiocarpa, and O. pumila) tend to have lost, the cp rps16 in their chloroplast genomes. (Clauss and Koch, 2006) . Plants were grown in a growth chamber at 22°C with a long day photoperiod (18 h/6 h light/dark cycle).
MATERIALS AND METHODS

Plant material and growth conditions
Database analysis All sequence similarity searches (BLASTN or 2BLAST) were conducted using the internetbased Basic Local Alignment Search Tool (BLAST) available through the National Center for Biotechnology Information (NCBI). Each search was conducted using default parameters. The ClustalX software (ftp://ftpigbmc.u-strasbg.fr/pub/ClustalX/) (Thompson et al., 1997) was used for the multiple alignment of nucleotide sequences. The alignments were alphabetically ordered in Figs. 1B and 1C.
DNA cloning of RT-PCR and the genomic PCR products Total DNA and RNA were isolated from the green leaves of plants using the Isoplant II kit (Nippon gene, Tokyo, Japan) and the RNeasy Plant Mini kit (Qiagen, Valencia, CA, USA), respectively. Isolated RNA was further purified by incubation with RNase-free DNase I (TaKaRa Bio, Ohtsu, Japan), according to the manufacturer's instructions. First-strand cDNA synthe-sis was performed using 1 μg of total RNA, 0.5 units of SuperScript III reverse transcriptase, and 20 pmol of random hexamer primer mix (Invitrogen, Carlsbad, CA, USA). The resultant cDNAs were used as templates to amplify the cp rps16 cDNA. Primer pairs for the amplification of genes on the chloroplast genome were as follows: cp rps16 for Arabidopsis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, B. oleracea, O. pumila, and C. lasiocarpa: P1 (5′-GGAATGTTATGGTAAAACTTCG-3′) and P2 (5′-CCGTAAAAATCCCAGCCTTC-3) primers; cp rps16 for Arabis hirsuta, P3 (5′-CTATGGTAAAACT-TAATGCGG-3′) and P4 (5′-CCGTAAAAAGTCCTGC-CTTC-3′) primers; cp ndhB for all plants, P5 (5′-GCTTCAAGAAATAGTGAATGG-3′) and P6 (5′-GAG-TAATAGCAATGAGATTCC-3′) primers. P1, P2, P5, and P6 primers were designed from Arabidopsis thaliana chloroplast genome sequence information (GenBank accession no. AP000423). P3 and P4 primers were designed from Arabis hirsuta chloroplast genome sequence information (GenBank accession no. AP009369). The positions of these primer pairs are shown in Fig. 3A .
Amplification of the genomic sequence of cp rps16 was performed using LA Taq DNA polymerase (TaKaRa Bio) and primers P7 (5-TTCGTACCTTAGGAGGAATAC-3′) and P8 (5′-TCCATTCATAGAGAAAGAAAAGG-3), which were designed from conserved sequences between Arabidopsis thaliana and Arabis hirsuta. Total DNA was denatured at 94°C for 5 min and was amplified using 35 PCR cycles at 94°C for 30 s, 55°C for 30 s, and 72°C for 2 min. PCR products were directly sequenced. RT-PCR was conducted using KOD plus DNA polymerase (TOYOBO, Osaka, Japan). cDNAs were denatured at 98°C for 2 min and were amplified using 35 PCR cycles at 98°C for 15 s, 53°C for 30 s, and 68°C for 1.5 min. The PCR products were subsequently cloned into the pCRBlunt II-TOPO vector by using Zero Blunt TOPO PCR Cloning Kit (Invitrogen). Independent clones were sequenced using universal primers.
RESULTS
Pseudogenization of rps16 in the chloroplast genomes of some Brassicaceae
The rps16 in the angiosperm chloroplast genome contains two exons and one group II intron (Fig. 1A) . To obtain the sequences encoding rps16 in the Brassicaceae chloroplast genomes, we conducted a BLASTN search using the sequence of the cp rps16 gene of Arabidopsis thaliana as the query. The results identified 11 complete Brassicaceae chloroplast genomes (GenBank accession numbers: Aethionema grandiflorum, AP009367; Arabis hirsuta, AP009369; Barbarea verna, AP009370; Brassica rapa subsp pekinensis, AC189190; Capsella bursa-pastoris, AP009371; Crucihimalaya wallichii, AP009372; D. nemorosa, AP009373; Lepidium virginicum, AP009374; L. maritima, AP009375; Nasturtium officinale, AP009376; O. pumila, NC_009267) and the partial chloroplast genome, including rps16, of Sinapis alba (GenBank accession number: X13609) (Neuhaus et al., 1989) . A comparison of these sequences revealed that the rps16 genes in the Aethionema grandiflorum, Arabis hirsuta, D. nemorosa, and L. maritima chloroplast genomes have become pseudogenes. In the chloroplast genomes of Arabis hirsuta and D. nemorosa, there is a 10-bp deletion within the first exon of rps16, leading to a frameshift (Fig. 1B) . Deletions of 9 bp, 1 bp ( Supplementary Fig. 1) , and an insertion of 6 bp were also found in the second exon (Fig. 1D) of rps16 in the Arabis hirsuta chloroplast genome relative to the conserved sequences of the genus Arabidopsis. In the chloroplast genomes of both D. nemorosa and L. maritima, the loss of the entire second exon and part of the intron of rps16 was observed ( Supplementary Fig. 1 ). The nucleotide sequence of rps16 in the Arabidopsis arenosa chloroplast genome, including the intron, is 1,161 bp long. The genomic sequences of rps16 in D. nemorosa and L. maritima are similar (434 bp and 468 bp, respectively) to the Arabidopsis arenosa chloroplast rps16 genome sequence (Supplementary Fig. 1 ). In Aethionema grandiflorum, the loss of 18 C-terminal amino acids in RPS16 is deduced by the occurrence of a nonsense mutation in the second exon ( Supplementary Fig. 1) .
Arabis is phylogenetically close to Arabidopsis thaliana (Koch et al., 2000) . Therefore, it is possible that the pseudogenization of cp rps16 observed in Arabis hirsuta also occurs in the Arabidopsis lineage.
Comparison of the genomic sequences of cp rps16 in the genus Arabidopsis and its close relatives To assess whether the pseudogenization of cp rps16 in the chloroplast genome is widespread among the genus Arabidopsis and its close relatives (Arabidopsis arenosa, Arabidopsis lyrata, O. pumila, and C. lasiocarpa; their phylogenetic relationships are shown in Fig. 2) , the genomic sequences of cp rps16 were compared among these species. The complete chloroplast genome sequences are available for Arabidopsis thaliana and O. pumila. For the other species, the sequences around cp rps16 were obtained by PCR amplification and were analyzed in this study (GenBank accession numbers: Arabidopsis arenosa, AB467268; Arabidopsis lyrata, AB467269; C. lasiocarpa, AB467267). The sequences encoding cp rps16 in Arabidopsis arenosa, Arabidopsis lyrata, O. pumila, and C. lasiocarpa showed high similarity to that of cp rps16 of Arabidopsis thaliana (the whole-sequence alignments are shown in Supplementary Fig. 1 ). An open reading frame (ORF) encoding 88 amino acids of RPS16 was found in the chloroplast genomes of Arabidopsis arenosa, O. pumila, and C. lasiocarpa (Fig. 1D) . In Arabidopsis lyrata, a 1-bp insertion at position 239 of the coding sequence of the cp rps16 caused a predicted translational stop codon 19 bp upstream from the conserved translational stop codon in the close relatives of Arabidopsis, and the ORF thus encodes 82 amino acids (Fig. 1D) . Therefore, it is likely that both nuclear-and chloroplastencoded rps16 genes exist in Arabidopsis arenosa, Arabidopsis lyrata, Arabidopsis thaliana, C. lasiocarpa, Fig. 2 . Phylogenetic diagram of the relationships among Brassicaceae species. The phylogenetic relationships among Brassicaceae species derived by Beilstein et al. (2006) , Clauss and Koch, (2006) , and Koch et al., (2000) . The numbers indicate the estimated divergence times predicted by Clauss and Koch, (2006) . Abbreviations in splicing status: +, spliced; -, unspliced; nt, not tested. Abbreviations for the status of rps16 in the chloroplast genome: ○, intact gene; Ψ, pseudogene; nt, not tested. Abbreviations for the mating systems: SC, self-compatible; SI, self-incompatible. Abbreviation in the phylogenetic diagram: Mya, million years ago.
and O. pumila.
Confirmation of the splicing of cp rps16 transcripts in Arabidopsis and its closely related species
The group II intron is further divided into subgroups IIA and IIB. The cp rps16 contains a subgroup IIB intron (Michel et al., 1989) . The strictly conserved primary consensus splicing sequences of group II intron are GUGYG and AY (Y: C or U) at the 5′ and 3′ splice sites, respectively (Lehmann and Schmidt, 2003; Michel and Ferat, 1995; Michel et al., 1989) . Further analysis revealed that the consensus sequence at the conserved 5′ splice site of the group II intron of cp rps16 is disrupted in Arabidopsis thaliana, where it is changed from GUGYG to GUACG (Fig. 1B) . In Arabis hirsuta and other species closely related to Arabidopsis, the 5′ and 3′ splice site consensus sequences are conserved. This suggests that the cp rps16 gene may have become a pseudogene as the result of a splicing defect in the group II intron of Arabidopsis thaliana.
To confirm the splicing of cp rps16 transcripts in Arabidopsis-related species and B. oleracea as the outgroup, we performed RT-PCR on RNA extracted from these plants and cloned and sequenced the cDNAs. The deduced sequence of chloroplast RPS16 showed only 31% amino acid identity to nuclear-encoded RPS16 (AT5G56940; dual-targeted protein to the mitochondria and chloroplasts) in Arabidopsis thaliana. Moreover, no significant nucleotide similarity between their cDNAs was detected. The splicing products of cp rps16 were detected in Arabidopsis arenosa, Arabidopsis lyrata, B. oleracea, and C. lasiocarpa, and the sizes of the amplified products were all 243 bp (GenBank accession numbers: Arabidopsis arenosa, AB467268; Arabidopsis lyrata, AB467269; B. oleracea, AB514944; C. lasiocarpa, AB467267). The detection of ndhB splicing products (320 bp) in all species was used as a control to check the efficacy of first-strand cDNA preparation (Fig. 3B) . The RT-PCR result for B. oleracea showed that the splicing of rps16 occurred before the divergence of the Arabidopsis lineage in Brassicaceae species. Sequencing the RT-PCR products and genomic sequences of the cp rps16 genes from Arabidopsis lyrata, Arabidopsis arenosa, and C. lasiocarpa revealed that the consensus splice site sequences (5′, GUGYG and 3′, AY) of the group II intron were functional. In contrast, only the primary transcript of cp rps16 was detected in Arabidopsis thaliana (1,110 bp), as predicted (Fig. 3B) . The pseudogenization of cp rps16 in Arabidopsis thaliana was also considered in the supplemental data of Asakura et al. (2008) . Our results, combined with theirs, strongly suggest that the pseudogenization of the cp rps16 was initiated in Arabidopsis thaliana because the intron of cp rps16 lost its splicing activity. Furthermore, only the primary transcript of cp rps16 was detected in Arabis hirsuta (1,095 bp) and O. pumila (1,147 bp) (Fig. 3B) , although the 5′ and 3′ splice site consensus sequences of their cp rps16 genes are conserved (Figs. 1B and 1C) . These data strongly suggest that the pseudogenization of the cp rps16 has also been initiated in at least O. pumila through a defect in the splicing of the gene transcript.
DISCUSSION
Timing of the cp rps16 gene substitution Our analysis of the functional status of cp rps16 in Arabidopsis and its close relatives suggests that the pseudogenization of cp rps16 occurred independently in them, as in four Brassicaceae species, after their divergence. To the best of our knowledge, no other study has reported that the status of an organelle-encoded gene differs within the same genus, as shown in this study. Therefore, no report has defined the period from the onset of the substitution of an organelle-encoded gene by a nuclear gene to the occurrence of the disruption of that gene in the organellar genome. Because pseudogenization occurred independently in the chloroplast genomes investigated, the evolutionary timing of the gene loss from the chloroplast genome by gene substitution can be accurately estimated.
The estimated time of divergence of Arabidopsis thaliana and all the remaining Arabidopsis species was 3.0-5.8 million years ago (mya) (Clauss and Koch, 2006) . Moreover, the time of divergence of the Arabidopsis and Olimarabidopsis (Crucihimalaya) species is estimated to have been 10-14 mya (Clauss and Koch, 2006) . This suggests that the independent pseudogenization of the cp rps16 in Arabidopsis thaliana and O. pumila by dysfunctional splicing occurred within the last 5.8 myr and 14 myr, respectively (Fig. 2) . The occurrence of gene substitution implies the emergence of a nuclear-encoded counterpart of the organellar protein. The onset of cp rps16 gene substitution is minimally estimated at 140-150 mya (Ueda et al., 2008) . Considering the time of divergence of Arabidopsis thaliana and O. pumila, the nuclear genome gained an rps16 copy ~140 mya, and the chloroplast and nuclear copies have coexisted (perhaps redundantly) since then. However, in the last 5.8-14 myr, the cp rps16 copies have become recognizable pseudogenes in Arabidopsis thaliana and O. pumila.
This suggests that the process of complete gene substitution of cp rps16 lasted for over 126 myr in Arabidopsis thaliana and O. pumila. Thus, our work pinpoints the evolutionary period from the onset to the completion of this gene substitution event.
The possibility of widespread cp rps16 pseudogenization The 5′ splicing consensus sequence of cp pseudorps16 is conserved in Aethionema grandiflorum, D. nemorosa, O. pumila, and Arabis hirsuta, but not in L. maritima. Only in L. maritima has it changed from GUGYG to GUGCA (Fig. 1B) . This indicates that this pseudogenization event was initiated by nucleotide substitutions within an intron, as well as at the 5′ splicing consensus sequence, although the disruption of the 5′ splicing consensus in Arabidopsis thaliana is considered to define its pseudogenization. So far, the CRS2, CFM3, and WTF1 proteins have been demonstrated to be necessary for the splicing of the cp rps16 subgroup IIB intron in angiosperms (Kroeger et al., 2009) . It is possible that their functions in promoting the splicing of the cp rps16 intron have been impaired. Therefore, the pseudogenization of cp rps16 might be attributable to nucleotide changes within its intron but also to the impairment of nuclear-encoded proteins.
rps16 is encoded in the chloroplast genomes of three Arabidopsis-related species (Arabidopsis arenosa, Arabidopsis lyrata, and C. lasiocarpa), and the C-terminal amino acid residues of RPS16 vary among these species (Arabidopsis arenosa and C. lasiocarpa, 88 aa; Arabidopsis lyrata, 82 aa). Similar C-terminal variations in RPS16 are found in other angiosperms (Arabidopsis thaliana, 78 aa; Oryza sativa, Nicotiana tabacum, and Zea mays, 85 aa; Solanum lycopersicum, 88 aa) because independent deletions have occurred in each species (Kahlau et al., 2006) . C-terminal variations in cp RPS16 may imply the beginning of pseudogenization. The presence and splicing of cp rps16 have been confirmed in Glycine max and Lotus japonicus in legumes (Ueda et al., 2008) . However, Doyle et al. (1995) have demonstrated, using slot-blot hybridization, that the independent loss of the cp rps16 has occurred in several leguminous plants, as in the Brassicaceae.
When all these data are considered, it is highly likely that the pseudogenization of cp rps16 is widespread and has occurred independently in several angiosperm species, even when an active rps16 seems to be encoded in the chloroplast genome. Our study also indicates that the creation of a phylogenetic tree using only one gene is unreliable and misrepresents phylogenetic relationships because a pseudogene does not always reflect the phylogenetic position of each species, as is true for cp rps16.
Possible correlation between self-compatibility (inbreeding) and the loss of an organelle-encoded gene in the presence of a functional counterpart in the nuclear genome Why does the loss of the rps16 from the chloroplast genome seem to have accelerated in evolutionarily recent times in the Arabidopsis lineage? Self-incompatibility is ancestral in the Brassicaceae, and self-compatible plants have emerged independently during the divergence of the Brassicaceae (Mitchell-Olds et al., 2005) . When Brassicaceae plants are compared in terms of their self-compatibility (Hall et al., 2002) , those plants with pseudo-rps16 in their chloroplast genomes (Arabidopsis thaliana, Arabis hirsuta, and O. pumila) are found to be self-compatible (inbred) (Fig. 2) . Aethionema grandiflorum (http://www.sunnygardens.com/garden_plants/ aethionema/aethionema_0029.php), D. nemorosa (Hall et al., 2002) , and L. maritima (Picóa and Retana, 2001 ) are also self-compatible plants. Conversely, plants with a probably intact rps16 in their chloroplast genomes are selfincompatible (outcrossed) (Arabidopsis arenosa (Chen, 2007) , Arabidopsis lyrata, and B. oleracea (Hall et al., 2002) , and S. alba (Ford and Kay, 1985; Melzer et al., 1990) ). The expressed sequence tags (ESTs) encoding the spliced rps16 genes of the chloroplast genomes of Raphanus raphanistrum (a self-incompatible plant; GenBank accession numbers: EY915189 and EY911083; (Sampson, 1967) and Brassica napus (self-compatible plant; GenBank accession number: EV076332; (Okamoto et al., 2007) ) are available in the NCBI EST database. B. napus, Barbarea verna (http: //www.pfaf.org/user /Plant.aspx?LatinName= Barbarea verna), C. bursa-pastoris (Hintz et al., 2006) , C. lasiocarpa (Tague, 2001) , C. wallichii (Hall et al., 2002) , L. virginicum (Lemen, 1980) , and N. officinale (Manton, 1935) are selfcompatible, and self-compatible plants tend to lose the rps16 from their chloroplast genomes, whereas selfincompatible plants tend to retain the rps16 in their chlo-roplast genomes (Fig. 2) . Six complete legume chloroplast genomes have been reported to date (G. max, L. japonicus. M. truncatula, P. vulgaris, C. arietinum, and V. radiata) (Jansen et al., 2008; Tangphatsornruang et al., 2010) . A similar tendency to lose the cp rps16 in selfcompatible plants is observed in these species. The loss of the functional rps16 from the chloroplast genome has been demonstrated in M. truncatula, P. vulgaris, C. arietinum, and V. radiata, and these are all self-compatible plants (Choi et al., 2004; Guo et al., 2007; Khan et al., 2004; Toker et al., 2006) . The epistatic model (Wade and Goodnight, 2006) predicts that selfing reproduction maintains cyto-nuclear gene combinations and increases the response to the selection of epistatic combinations, potentially encouraging gene transfer. Conversely, outcrossing tends to break apart adaptive cyto-nuclear gene combinations, potentially reducing the amount of adaptive transfer in outcrossing lineages (Brandvain and Wade, 2009 ). In short, it predicts that the level of inbreeding is positively associated with the level of functional transfer (and loss) of organellar genes (Brandvain et al., 2007) , so self-compatibility may correlate positively with the loss of rps16 from the chloroplast genome. Although a strong correlation between the loss of the cp rps16 and self-compatibility has been observed, the mechanism is completely unknown.
